Abstract Obesity is implicated as an important factor in the rising incidence of liver cancer in the USA. Bariatric surgery is increasingly used for treating morbid obesity and comorbidities. Using administrative data from UHC, a consortium of academic medical centers in the USA, we compared the prevalence of liver cancer among admissions with and without a history of bariatric surgery within a 3-year period. Admissions with a history of bariatric surgery had a 61 % lower prevalence of liver cancer compared to those without a history of bariatric surgery (prevalence ratio 0.39, 95 % confidence interval 0.35-0.44), and these inverse associations persisted within strata of sex, race, and ethnicity. This hospital administrative recordbased analysis suggests that bariatric surgery could play a role in liver cancer prevention.
Introduction
Liver cancer is the sixth most commonly occurring cancer in the world and the second leading cause of cancer death [1] . Although relatively rare, the incidence of liver cancer has been rising rapidly in the USA since 1980 [2] . Most common risk factors for liver cancer in high-rate areas (such as Asia and Africa) are hepatitis B virus (HBV) infection and exposure to aflatoxin, whereas common risk factors in low-rate areas (such as North America) include excessive alcohol consumption, hepatitis C virus (HCV) infection, obesity, diabetes, and nonalcoholic fatty liver disease (NAFLD) [3] . In particular, obesity and diabetes are becoming increasingly important risk factors in the Western countries due to their high prevalence [3] .
Bariatric surgery is increasingly used for treating morbid obesity and its comorbidities. It results in long-term weight loss and amelioration of metabolic disorders such as diabetes [4] , and may also improve or completely resolve liver steatosis, steatohepatitis, and fibrosis [5] . Thus, bariatric surgery may play a role in the prevention of liver cancer, particularly for morbidly obese individuals. Although several cohort studies have reported that bariatric surgery is associated with lower total cancer incidence and/or mortality [6] , literature on its association with liver cancer is scarce [7] . Herein, we report the association between bariatric surgery and the prevalence of liver cancer among admissions in academic medical centers in the USA.
Materials and Methods
This analysis was based on administrative data from UHC's Clinical Data Base/Resource Manager (CDB/RM). UHC is an alliance of more than 110 academic medical centers and over 338 of their affiliated hospitals across the USA [8] . As described previously, the UHC database contains discharge information on inpatient hospital stay such as patient characteristics, length of stay, 30-day readmission, postoperative morbidity, in-hospital mortality, and costs of inpatient care [9] . Discharge summary data are collected from affiliated institutions and compiled into a secure, interactive, web-based database. Each hospital admission is considered a discrete event in the database, and patients are not followed longitudinally by design.
We We calculated the prevalence of liver cancer per 100,000 hospital admissions among patients with and without a history of bariatric surgery and calculated prevalence ratios (PRs) and 95 % confidence intervals (CIs). We also conducted stratified analyses by sex, race, and ethnicity. PRs and 95 % CIs were calculated using SAS software version 9.3 (SAS Institute, Cary, NC). All analyses were run in August 2015, but we did not include admission records after April 2015, to account for any delay in data reporting and to allow the more recent records to be completely cleaned.
Results
During the study period, there were a total of 15,762,257 hospital admissions of which 74,738 (0.47 %) recorded a Table 1 , admissions with liver cancer were older and more likely to be male and Asian than were admissions without liver cancer. The mean age of admissions with liver cancer was 62.1 years compared to the mean age of admissions without liver cancer, which was 54.9 years. As shown in Table 2 , admissions with a history of bariatric surgery had a 61 % lower prevalence of liver cancer compared to those without a history of bariatric surgery (PR = 0.39, 95 % CI = 0.35-0.44). The inverse association persisted within strata of sex, race, and ethnicity.
Discussion
In the current study, we observed an inverse association between a history of bariatric surgery and liver cancer, overall or within strata of sex, race, and ethnicity, based on hospital admission data from a consortium of academic medical centers in the USA. This is the first study, to our knowledge, to report an inverse association of bariatric surgery with liver cancer.
Previous studies have investigated bariatric surgery in relation to overall cancer incidence/mortality, as well as some specific types of cancer. A recent meta-analysis of six observational studies reported a statistically significant 45 % lower risk of total cancer incidence associated with bariatric surgery among obese individuals [6] , and this benefit was most pronounced for obesity-related cancers [7] . One cohort study examined liver cancer specifically, but the number of liver cancer cases was too small (N = 2) to allow meaningful interpretation of the results [7] .
Our findings suggest a potential role of bariatric surgery in liver cancer prevention. There are several mechanisms by which bariatric surgery might reduce the risk of liver cancer. Obesity and diabetes are important risk factors for liver cancer [3] . Bariatric surgery induces effective weight loss [4] , and subsequently interrupt several obesity-associated carcinogenic pathways involving changes in sex steroids, oxidative stress, inflammation, and cellular energetics [10] . Bariatric surgery may also improve or resolve diabetes and its related metabolic conditions [4] ; these effects may be partially mediated through the endocrine changes due to surgical modulation of the gastrointestinal tract, independent of weight loss and restricted caloric intake [11] . Favorable regulation of body weight and/or metabolic profiles by bariatric surgery may have implications in various cancer types, including liver, as these changes may subsequently improve several liver diseases including lobular steatosis, steatohepatitis, and fibrosis, and eventually lead to complete resolution of NAFLD and its most severe form, nonalcoholic steatohepatitis (NASH) [5] . As NAFLD and NASH are present in a large proportion CI confidence interval, PR prevalence ratio of morbidly obese patients and they may progress to liver cancer [12] , it is biologically plausible that bariatric surgery could benefit morbidly obese individuals in the prevention of liver cancer. The association between bariatric surgery and liver cancer risk appears to be modified by race, with the PR being substantially lower among blacks than whites. One possible explanation is confounding by socioeconomic status. Among eligible individuals, the likelihood of receiving bariatric surgery is related to socioeconomic variables such as income and insurance [13] . Those who could afford the surgery may have better access to health care, and subsequently, lower likelihood of developing cancer. Not receiving the surgery may be more frequently due to socioeconomic disadvantages among blacks than whites, thus resulting in stronger inverse associations in blacks. Chance is also a possible explanation as the sample size was small for blacks with a history of both bariatric surgery and liver cancer (N = 19).
The strengths of this study include its large sample size and the geographical diversity of this nationally representative database. However, our results should be interpreted with caution due to several limitations, some of which are inherent in studies using administrative databases. By design, individual patients were not followed longitudinally, and both bariatric surgery history and liver cancer diagnosis were assessed at the time of hospital admission, with no detailed information on dates of surgery and cancer diagnosis. Consequently, we were unable to establish the temporality between bariatric surgery and liver cancer, although it is highly unlikely that bariatric surgery was performed after the diagnosis of liver cancer, considering most cases of liver cancer are detected late when prognosis is very poor [3] . Due to the absence of individuallevel data, we were unable to identify and exclude multiple admissions of the same patient during the 3-year study period, and the direction of bias due to multiple admissions is not clear. Also, we were unable to calculate the prevalence ratio with adjustment of potential confounders. For example, it is possible that several potential contraindications against bariatric surgery, such as alcohol dependency and cirrhosis with portal hypertension [14] , may confound the association between bariatric surgery and liver cancer, as these factors may predispose individuals to higher liver cancer risk. However, information was not available on these variables.
Given the limitations of our administrative record-based study, the association of bariatric surgery with cancer outcomes should be better addressed using another study design, such as a prospective follow-up study. To our knowledge, the Swedish Obese Subjects cohort is the only prospective, controlled intervention study to assess the effect of bariatric surgery on health outcomes, although it was not possible to randomize the exposure; however, it was not sufficiently powered to evaluate specific types of cancer [15] . Larger prospective studies are needed to compare specific cancer outcomes among morbidly obese patients who have undergone bariatric surgery vs. those receiving conventional treatment, with proper adjustment of potential confounders.
In conclusion, our study reports that a history of bariatric surgery may be associated with lower prevalence of liver cancer among admissions in academic medical centers. Although these findings should be interpreted cautiously with the aforementioned limitations, this study provides important data for future investigations of bariatric surgery in relation to liver cancer in epidemiological studies with individual level data.
